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(54) Transmitter and transmitting method increasing the flexibility of code assignment 

(57) According to the present invention a transmitter 
and a transmitting method for communicating data sym- 
bols over a communication channel, for example, 
according to the CDMA system is presented. The trans- 
mitter (24, 25) comprises means (9) for spreading each 
data symbol with a respective spreading code, wherein 
the spreading codes are mutually orthogonal. Means 
(10) for scrambling are provided to scramble each 
spread symbol with a respective scrambling code, the 
scrambling codes respectively having the same length 
as the spreading codes. Furthermore, means (11) for 
the transmission of the spread and scrambled symbols 
are provided. According to the present invention the 
means (10) for scrambling are provided with a plurality 
of different scrambling codes, which can be used simul- 
taneously within the same link 

The main advantages of the present invention are 
the greater flexibility in the assignment of spreading 
sequences within a CDMA system, the increased maxi- 
mum data rate for downlink or uplink. 
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Description 



[0001] The present inventjpn relates to a transmitter, 
a wreless fran^ 

for the transmission of data symbols over a communica- s 
tion channel which particularly ; finds its application in the .* 
field of soK^alle^ CPMAsysterr^., ; , -V'V r ; ,., r ' 
[0002] .GOMAj(Code Division Multiple? Access) trans- '. 
mitting systems, are known from the.^state. of: the v art. 
Accprding;to one.CDMA technique, after the modulation 10 
(symbol mapping), the symbols are ; spread v by a« so-' 
called, spreading sequence or spreading xode.. After, 
spreading the resulting -data stream is scrambled by !t a r/ 
scrambling sequence of a shambling coda The thus v 
resulting data stream,, which ... has :Wen : ^e^ and ^ is 
scrambled, is then power-amplified and. sent oyer a 
communication channel. The reverse procedure, nap- 
pens at the receiving side.. ^. v: . 
[0003] In Figure, 3 an example for : a transmission sys ? 
tern comprising scrambling and spreading is shpwn, Jn 20. 
the example of Figure 3 only the downlink communica- 
tion channel 26 from a base station 24 to a mqbile ; sta7,, 
tion 25 is shown: The . downlink 26 . can comprise 
different channels D t ,.., D N . Each channel comprises 
channelisation (spreading) 28, 30 and scrambling 29, 25 
31/ According to thestateof the art in one link, as for 
example the dpwnlink 26 as shown in Figures, only one 
scrambling sequence (scrambling code) and several dif- 
ferent spreading codes (often referred to as channeliza- j 
tion codes) are used depending, upon the data rate and ' 30 
services required. The > drswvbacfc of this approach is inat ! 
only certain, types of channelisation codes can be used 
together and the Wghest data rate is constrained by the'; 
length of the shortest channelisation code. This is espe 
cially true when codes of.different rates are used. \ 35 
[0004] . From W096/05668 A1 and EPrA-565 506 tech- 
niques lor multiple access coding for radio communica- 
tion is , known. According^, to. these documents, 
information symbols are spread using orthogonal or, bi-* 
orthogonal codewords. r: This" spread information sym- 40 
bols are assigned a unique scramble mask that is taken 
frpm a set of .scramble masks having selected correia-, 
tion properties. The set' of, scramble masks is selected 
such that the correlatipn between the mqdulo^sum of 
two scramble masks with, any, codeword is a constant 45 
magnitude independent , of the codeword and the indi- 
vidual mask being compared. According to one embod^ 
imet^t of WQ 96/05668 AT. when ; any two ma$ks t are 
summed using modulo-2 sum arithmetic, the Walsh 
transformation pf that sum results in a maximally flat so 
Walsh spectrum. ,F=or pellujar radio telephone . systems; 
using subtractiye CDMA demodulation techniques, a 
two-tier ciphering system ensures security at the cellu- 
lar system level by using a pseudorandom^ generated 
code, key to select one of the scramble masks common 55 
to .all of the mobile, stations in a particular cell. As 
according^ to these techniques one common scramble 
maskJs ; used for all, mobile stations in a particular cell, 



the above-cited drawback arises that only certain types 
of channelisation codes can be used together limiting . 
the number of available channelisation (spreading) ' 
codes. ^ : • 

[0005] In view of the aboye^ited drawbacks it is of the 
object pf the present invention ,to ,enhance. the flexibility 
of code assignment for a CDMA system, particularly 
within a cell sector and/or to increase the maximum 
data rate. 

[0006] The central idea of the present' invention, 
thereby is a new code allocation 1 scheme for a CDMA 
system ^ilisirig .two or more scrambling codes within 
one link, (uplink or downlink). ^ 
[0007] , According to the preset inyentiori therefore a 
transmitter for communicating , data symbols over ,..a 
cpmmunicatipn channel is provided, r the transmitter 
comprising means for spreading each data symbol with 
a respective spreading code, wherein , the .spreading 
codes are mutually orthogonal. Furthermore means for 
scrambling each spread symbol with? a. respective 
scrambling code are provided, the scrambling; co^es 
respectively having the same length as the spreading 
codes.. Means are provided for the transmission of the 
spread and scrambled symbols. According "to the 
present invention the means for scrambling are pro- 
vided with a plurality of different scrambling codes which 
can be used simultaneously within the same link. 
[0008] The means for scrambling the ^ead ,syrnbols 
can use different scrambling codes for arV uplink com- 
munication channel and a downlink communication 
channel. * K ' • 

[0009] The spreading* codes 'can be obtained by 
mejans of £ code tree. 1 ' V 
[0010] . According to an aspect of . the pr^ent' inven- 
tion, only in a downlink communication channel different 
scrambling codes are used, wherein in an uplink chan- 
nel, only one scrambling code is used. . 
[0011] The means for scrambling can use different 
scrambling codes within the same link only for channels 
demanding a high bit rate. - 
[0012] According to the present invention; furthermore 
a.wireless transmission system comprising a transmitter 
of the above-cited type is provided, wherein a subset of 
scrambling codes is respectively allocated Ito a cell of 
tye ; transmission system. 

[0O13] ; Different spreading codes can be allocated to 
adjacent cells of the transmission system. 
[0014] According to the present invertion/furthermore 
% ^^hod /or Retransmission of data.symbols^over a 
communication channel is provided. Data.sy^&)$ are 
spread with a respective spreading code, wherein the 
respective spreading codes are mutually orthogonal. 
Each spread symbpl .is scrambled with a respectiv^ 
scrambling code, the>CTarribling ' ^es,-not' cnanginrj 
the band rate of the^ transmission (in i contrast to tKe 
.spreading codes). The spread and scrambled symbols 
are transmitted. , Vt* t . * ^ " 
[001 5] According . to ' the present! nvemion^when 
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scrambling a plurality of different scrambling codes can 
beused, which are to be used sirx^.an<?ousiy within the 
same link. 

[0016] In the step of scramt^ng c**«-^ scrambling 
codes can be used for an uo^* zcnyr\y%caii6r\ chan-' s 
nel "and a downlink commx>catv.T c^nr^ respec- 
tively^' . \ r \ " „. 
[0017] The spreading ceo*-/ ;*r t» chained by 
means of a code tree. f ^' 
[0018] As anaspect of the n •-v*^ ^tir only in a- w 
downlink communication crUn^* ic/ ambling 
codes are used. In the ut*^» ar^*\r*-4vr' channel 
only one scrambling code : ' * » «|e usually 
is less than in the downing u'rr *> r ; : nimel. 
[001 9] Different saint** \| ' ^ • ' * ' ' • -**?d Within is 
the same' link only (c* 'ci*** » »ii % » * K»gh bit 
rate: *" * v ' ' ' ~* ' ; " 
[0020]' 'Particularly d****^ v ■ within 
the same link can be ir*or % * r . ; % • "*«tco chan- 
nels'and/or data channel. *r*%it kx Voice 20 
channels. * : ' * ' : 

[0021] ' Further' aspectv *v»v*^i %mtues of 

the present invermor r • »W ~^*ans J of 

embodiments of thp pfM^» r hi* te *?}~\ 

enceto the enciosor •* % : 25 

Figure' 1 shbws' a 'gV^ • * w « mm trans- . 
missibn v syst^'accc>'tvx3 * VW .'■^*r« ^ventoa 

' Figure^ 2show£ r># h»Wv«,' v; rambling 30 f 
according to the p» » **** tor -'a. 
v - bownlink cc>rrTix»c^ti:r- t com- 

munication channe t m *m ■ ■ • * * '>**or and a 
" mobile station o* r# ■*'«*•***;; «r-w**wt^ staition 
" "* "as shown in Figvx* « 35 

Figure 3 shows tr>* cjWtU^>' i*>ng) and 
scrambling in a ocwm ' : '^%>» <%V channel 
between a oas* -m * ^« station 

according to the c*o» ] -.-{.-- .1-. ... .*■/. 40 

Figure' 4 shows trw po*»t '«■*■ < tansmis- 
."' r sion system I acc^uV^ V; wm^m***—* #*^*n©n| 

Figure 5 shows an apt+^smmr .* V* i.V«%«rr "riveh- 45 
tion to prcviofe to» f«>ci« c*>i» i«.'ar»br- CDMA 

systems, and" " . 1 . { ' / 

' Figure 6 shows"an ajxx*ci*ar c» «Mni in ve n- 

* f 2 tipn^tb provide tor hjgn* d«u i^ ^ors ' ^ so 

[0022] A transrr*ssjon t*v«r* m:ccwcinQ to 'the 
present invention witl now t># ppW^erally with 

reWerice to Figure" 1 As %ho**> r V drtferent 

data' can be trarismrtted m a m^nnW The data 55 

to be transmitted can cdmorit# #c»c» cut* trpnra tele- 
phone 1 , 23, video data, tor e*Arnp* t » arn a vOeo cam- 
era 5 to be 'Vansrrotted to' a * mcytcf TO and other 



information data, as for example, data from a computer - 
6 to be transmitted to another computer 19. The analog 
voice data 1 from a telephone 1- are A/D-converted' 2* i 
voice coded 3 and then supplied to a channel encoder 
4. The data; : for example; from a video camera 5 or from * 
the computer 6 are also supplied to i the channel * 
encoder 4. The different data, -for exaimple. - the voice v 
data'and the video data carvb& transmitted simultane- 
ously. The data from the chann'et encoder 4 are given to J 
a interleaver 7 and then supplied to a modulator 8 pro- 1 
viding for a symbol mapping. The modulated data from 1 
modulator 8 are then spread 9 and scrambled 10, which o 
will be-explained later on ; in detail/ The spread and 
scrainbleiJ data are amplified 1 1 , and then transmitted l ' 
ever a ! wireless trarismissidn path 12. On the receiving • 
side the wireless transmitted data are down converted - 
13; A/D^orWerted-l4/*descrambled'15 and despr^ad: 
16. The descrambling and the despreading will be also 
explained later 'on in' detail. The descrambled ? and 
despread' data are deinterleaved 17 and then supplied 
to a channel decoder 18. The channel decoder 1 8 out- 
puts data to a -computer 19; to a monitor 20 and/or a 
voice-* decoder-' 21. In case- of voice data, the voice- 
decoded data' 21 are D/A converted 22 and then sup 1 
plied to a' handset 23. ' 1 - :> 

[00231 ' With reference to Figure '2/ partidularly the 
scrambling procedure according to* the present inven- 
tion wilf now be explained in detail. * " f 
[0024] In Figured the communication between a base 
station 24 and a rhobile station 25 is shown: Particularly 
the dc^vnlink channel 26 from the base station 24 to the 
mobile station 25 and the uplink" channel 27 between- 
trie mobile station 25 and 'the base station 24 are 
shown. The r downlink channel 26 and the uplink channel 
27 comprise different subchannels D 1v .D N . Dv ^D N -v A 
first subset of the subchannels of the downlink channel 
26 can for example be used for voice data and other 
subchannels can be used for the simultaneous trans- 
mission of video data: The data from the 4 base station 24 
are channelised (spread) with different spreading codes 
CchaAneM -".iCchanneiN,.- which are mutually orthogonal or 
biH5rthogonar28, 30. The spread data are then scram - 
bied 29/31 with scrambling codes C scram bi<i l- ■■':C 8C ram- 
t?i© m- According to the present invention therefore- 
Scrambling codes which are different, but neied not to be 
mutually orthogonal or bi -orthogonal; are used within 
tne same link, for example, the* downlink 26. (The 
orthogonality requirements are satisfied by the spread- 
ing cod^s.) ' ' * : 
[0025] 1 ' For the 5 uplink 27, according to the present 
invention either the same Scrambling codes 0^^^ 
C^crambie m as in the case of the downlink 26. or 
another ' group of- scrambling codes* 0^^^ 
v.lXscrambte M' or, as generally the uplink channel 27 
demands for the same* high bit rate as the dowrilfnk 
channel 26, even just one scrambling code can be used. 
[0026] As it has already been set forth above, the 
downlink channel 26 or the uplink channel 27 can' com- 
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prise subchannels fon video sand/or wice:transmission. 
As one aspect of the present invention, different scram- 
bling codes can be allocated for the scrambling of the 
channels demanding fqr, a high bit rate, as it is the>case, - 
for example, for the transmission .o^ videp;data. ;For 5 
transmission of, for example, voice data, only one 
scrambling code;can be used v ~ ... ■> iM * . 
[0027] u Regarding the details of the spreading and 
scrambling process, particularly the modulo-2 sum 
operation for the scrambling at the transmission side w 
and the multiplying operation forthedescrambiing at the ; 
reception side, the above-cited- ■ documents^ WO 
96/05668 A1 and EP-A-565 506 are incorporated by ref- 
erence. Particularly Figures t and 2 jn the correspond- 
ing description (page 14 toipage 19)*of WO>96/05668 is 
A1 are incorporated by reference ;l ? ; \ 
[0028] According to the present invention the spread- 
ing codes are generated by a code tree. This technique 
is known from Adachi,; "Tree-structured ^generation of, 
orthogonal spreading codes with . different lengths for so : 
forward link of DS-CDMA mobile radio", Electronic Let- 
ters,' January 1997, VoL33, No.1 , page 27, 28, which is 
incorporated herewith by reference. ; - n 
[0029] Orthogonal spreading codes with different 
lengths can be generated by a tree-structure fororthog- 25 
onal multiplexing of forward-link code-channels of differ- 
ent data rates in direct sequence code division multiple 
access DS-CDMA mobile radio. Thereby codes of the 
same; layer of the tree constitute a set. of Walsh func- 
tions and 5 are orthogonal. Furthermore, any two codes 30 
of different layers of the tree structure are also orthogo- 
nal except for the casethat one of the two?codes is a 
mother code of the other. v v ^ ^ 

[0030] As it has already been set forth; in the introduc- 
tory portion, when only one scrambling code :(or long 35, 
code) is used per link, there are restrictions of the com- 
binations of codes which can be used for the orthogonal 
codes (see Adachi et al.) These restrictions may pre- 
vent a user from being allocated to a certain channel. 
These restrictions are especially important for high data 40 
rate users. Furthermore the highest data rate is 
restricted to the shortest orthogonal code. 
[0031] As according to the present invention^two or 
more scrambling codes are assigned to-one link (one 
user), the following advantages are achieved: 45 

- - "increased; .flexibility in asisignment of /.orthogonal 
^ i codes since\the data rate can be split.over at least 
two scrambling codes, and ;av different :(longer) 
orthogonal code can be chosen from the code tree so. 
(see Adachi et al); and. r b -. .v-v; ? - 
the highest data rate is increased since thedata 
rate can be split over at least two scrambling codes. 
^Therefore a -higher data^rate service . on one link 
(uplink or downlink) can be provided by using a plu- 55 
rality of scrambling codes within one link. In this 
way the r same channelisation codes (spreading 
codes) can be reused and a higher data rate can be 



supported because the highest data rate, is 
restricted., by the set. of channelisation codes 
(spreading codes) with the shortest link. 

c [0032] f only using tw^SCTar^ 
link {user), the total nurrtber of available channelisation 
codes (spreading codes) can be doubled and the maxi- 
mum data rate can also be doubled. . . - ( 
[0033] Figure 4 shows a symbolized cell distribution of 
a wireless transmission system. One cell is-sur-r* 
rounded by six other hexagonal cells C 2 ,...,C 7 . Accord- 
ing to the present invention, a, total number, of, for; 
example;. 51? different scrambljng^odes can be used 
To avoid interference between adjacent cells, thejtotal 
number of 512 scrambling codes can for example be 
dividedby 7: and each cell d , . . . , C 7 can. be allocated a 
subset of said scrambling codes. Different, users within 
one cell can use different scrambling codes allocated to 
the respective cell. , r , . >: , . 
< [0034] As it has already been set forth, above, accord- 
ing to the present invention one scrambling code is used 
in conjunction x with - a, <set of channelisation codes 
(spreading^ codes) depending upon the required data 
rate and services required. Adjacent ^base stations can 
use different scrambling codes and every^base station 
useska set of scrambling : codes to maintain different 
links in each cell. - . : , . r :; H . 

[0035] An application of the present linvention will now 
be explained with reference to Figure 5. According to 
the state of the art, if a new user requests* for example,; 
a 2 Mbit/s service, the base station ?4Hs forced to allo- 
cate a new scrambling code (and code tree) to support 
this service. The codes in ; the code, freeware; therefore 
not optimally utilised. - ...... * i ; j r 

[0036] <To increase the flexibility of code assignment 
and increase the usage of the codes and the code tree, 
it is proposed to use as an option more than one scram- 
bling code per link. , ( - r , : , ,. ;r 
[0037] In Figure 5 a base station 24 is shown using 
two scrambling sequences (codes) 1 and 2. Shown by 
each scrambling code is a set of possible services being 
supported, by, each of the scrambling, codes. In this load 
situation, if a new user 32 requests a 2 Mbit/s service, 
the base station 24 has to devote a new scrambling 
code tp support this service. ■ irr:-: 
[0038] If, however, the new user 32 uses 2 (,SF=4) 
orthogonal codes from scrambling cpde^Tand,vi. (SF=4) 
orthogonal code from scrambling code 2, a 2 Mbit/s 
se/vjcecanibe supported and the.codes varxMhe code 
tree can be more optimally utilised. r . ^ ; 
[0039] Figure 6 . shows another application of the 
present invention. According to Figure 6 the idea 
according to the present invention is used to provide an 
increased data rate,rfor : exampl e^fora WG DM A system - 
Figure 6 shows the suggested scheme for an increased 
data rate. To increase the data rate normally in \#CDMA 
one or both of the following approaches are required: 
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- reduction of processing gain, and *' ■ 1 
• - increase of chip rate (enhanced bandwidth) 

[0040] By utilizing the scheme as shown in Figure 6 
the data rate can be increased by combining more ■than* 5 
one scrambling* code. The example shows the data rate* 
at 4 Mbit/s, but obviously higher rates can be achieved 
by using more than one scrambling code; - 1 — 

Claims C -»v - • .*•. y~<: /> •■ ' io 

*■*.■■, - l - - * . " '■■*■, '* , 

1 . Transmitter for communicating data symbols over a ' 
'v; communicatibn channel,* the transmitter (24;' 25) 

comprising:-^--- '* : . r . r: . . . :> > : *\ 

: .r , o: .. *. W 75- 

■ means (9Hor spreading each data symbol with * 
•' v ■ a respective spreading code, wherein the 
' spreading codes are mutually orthogonal, ' - 
means (10) for scrambling each spread symbol * 
wrtrTa- respective scrambling code, the* scram- 20 
blirig codes respectively having , the same* "* 
length as the spreading codes, and' • ; 
- ' means (11) for the transmission of the spread ■ 
" and scrambled symbols, ; * ' ■ r ' - ' 

wherein the means (10) for scrarnbling are pro- 25 
f r 1 : ' vided "with a plurality of different scrambling' 
codes which can be used simultaneously within ■ 
" '■• the same -liHk.' ■ :\ ^ 



scrambling codes within the same link only for ~ 
channels demanding a high brt rate.*. -*:. -A 



30 



2; Transmitter According to claim '1 ; 
'^characterized in that : - : ' • *- - M * 

.' * the means for scrambling (10) can use different 1 
scrambling codes for an uplink communication 

> ^ channel (27) and a downlink communication 35 
channel! (26), respectivelyi - 

3. Transmitter according to anyone of the preceding 
<-- : -claims, . , 

" characterized in that - ' ^ *o 

y<- - - *■■* .t* ■. \- ■ .. V . f /> '.~ " " : 

^ ■ ; the spreading codes are" obtained by ' means of 
*>' v a code tree. *' ' ' 

4. Transmitter according to anyone of the ,f precedihg 45 

• claims;— : v, *:- - ~" ' I-'-*, 
— chkracterized inthat " , ' r '■ -"'< «:••». K 

r. .'■•■I ^ r ■ . - * "r .-. > 1 ■_. ' . ■• j..; 

v ." ^ sift only in" adowhlihk communication channel (26) 

different scrambling codes are Cised, wherein in so 
an : uplihk channel (27) only one scrambling- 

*rcc;i .'code is used ■ -r-A».- 

5T-: Transmitter according to' anyone of the preceding 

claims, - '^i" ' '" " : ' " ss'- 

e . characterized' in that ' • • ^ - > 

the means (10) for scrambling use different 



6. r Transmitter according fdTctaim 5, r • - 
' : characteriz ed in that v *...:: * -. - 

the means for scrambling use different scrarh-">* 
bling codes within the same link only for vide6 * 
» ■ channels- ■ • v : 

7. "'Wireless transmission system,* ; - r : 

> characterized in that v . ' ' 

^ • . ^ . * . * . ,. - ? : 4* 

:n it comprises 'a transmitter. (24, 25) according to .« 
^c"! ^ahyohe of the preceding claims, wherein a sub- * 
set of scrambling codes is respectively alio- 
^ cated to a cell of the transmission system. " . 

8. ' Wireless transmission system according to claim 7, - 

^ characterized irt that . ' . ^ - - - 

v ^different spreading codes-are. allocated to adja- : 
cent celts of the transmission system.r- 

9. 'Method for the transmission of data symbols over a 

- communication channel; <»mprising the following ;: 

^Steps:' r": : • *. ir ; 

- • spreading (9) each data symbol with a respec- 
, f tive .spreading code, wherein the spreading ; 
: r codes are mutually orthogonal, f . - ;^ 

- - v scrambling (10) each spread symbol with a 
respective scrambling code; the. scrambling 

: >c v ; codes respectively ; having the same, length, as 
i :i the spreading codes, and ^ . v ; 
-.. ^transmitting (11 , 12) the spread-and scrambled 
•^-^ symbols, : ^ \ *"».•" 

V wherein for the step of saambling (10) a plural- 

- i ; "ity^of different scrambling codes is used which 
f:<;an be* used simultaneously within the same 
tlink. * ^ . ' • * - J- •- * * ■ - ! 



10. Method according to claim 9, t , >'"* 

- f characterized in that ^ «; ^ . :.r 

in the step of scrambling (10) different scram- 
. bling codes can be used for an uplink.commu-- 
- ; nication channel (27) . and; a* downlink 
. V . ; communication channel. (26) {respectively. 

:r-*- *; . -%^f: .- ; • » ■ . - - 

11. Method according to anyone of claims.9 or 10,; 
characterized in. that . .... . . :\ 

.the spreading codes are obtained by means of 

- a code tree. r . • ' . ■ * 

12. Method according to anyone of claims 9 to 1:1/ 
*■ characterized in that . * ? , \ 
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only in a downlink communication channel (26) 
different scrambling codes~are Used /wherein in 
the uplink communicatic^'chanre* (27) only 
one scrambling code is used . < v - 

13. Method according to anyone o* cwn-*«. r « 12. 
characterized in that 



10 



different scrambling coo^ w**r *^ U me link 
are used only for ctianr**- >**v«r«t>g a high 10 
bit rate. 



14. Method according to clam* \ 
characterized in that 4 
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